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CHAPIER 1.
INTRODUCTION

The value of using colored chalk in teaching plune
of thé books dealing
with the subject of teaching mmﬁhamatiau. Tnaré aaema’ta

geometry has been diaauﬁaaﬁ in meny

be nothing in the literature of an experimental nature,
The opinions of some of the writers aﬁa'fmvdrmblﬁ to its
use, .

| David Zugene Smithlseys:

In the proef oFf the early propositions of plene
geometry, and sgain at the begloning of solid geometry,
there is & little adventsge in uwsing colored erayon to
bring out wore distinctly the equal parts of two figures,
or the lines outside the plane or to differentiate orne
plane from another. Thie device, however, like that of
models in solid geometry, cam ¢sasily be abused and hence
ghould be used sparingly and gmly until the purpose ie
acoomplisheds The etudent must lesrn to grasp the mesning
of w figure drawvn on white paper or white on a blackboard,
and the ssomery he i{® able teo do this the batter for him.

Je Ve As Yﬁungﬁatatasx |
Tha wee of different soleors to mark muxiliary parts,

to distinguish parts given from those to be found and the
like is very admantageoun,

: Devid Bugene Smith,» Teaching
RBoston, 1811, ﬂglﬂ'ﬁu

»
LY)

of Ceometry, Gimn and Coes




Another opinion is that of Laura Blanks®

In the superposition proof the habit of drvewing one
Tigute with colored chalk whersss the other is drawn with
white, then placing the colored one on the white, ooloring
the white lines, step by step os the varioue new positions
are Justified by the resmsoning, i® oonducive to genuine
underetunding and toleranve for this type of demonstration,
at best tedious. Colored chalk is inveluable in aonstructe
ing suxihliary lines, mdded in the courss of the proof, inm
contradistinetion to those of the hypothesis, in such a
nroof as the one goncerning angles the sides of which are
porpsndioular to each other, or the theorem songeruing two
triengles having two sides of one dgqual to two $ldes of the
other but the included ssgle of one unequal, or the Bem
conserning & series of parsllel lines cutting off equi
seguente of ome trzueversal, sto. The use of dolered shalk
to plek out from a complex figure & ocertain paiy of guralle
gl }iuma and a transversal will eoften romove & mass of gons

ﬁtill.nmuthar opinion Is th' t of Apthuy 9anu1tmas&

- Btudents who osn reason logionlly sometimes forget
the hypothesis or forget preceding parts of the proof, and
henoe are unable to continue, Lo make such forgeifulness
almest imposuaible graphie methods may be employed, The
hypothenins moy be Iindicosted by colows, equal Golers repre-
gsanting equal lines or equal angles, srrows denotling
parallel lines, & small volored sguare indiecating » right
angle. ¥or the results obtained in the proof we use white
chalks In complex constructions various colore muy be used
to distingulsh among different lines, It is impossible to
mention all sush ceses and the resourceful teagher will
hgve no difficuity in enlarging or modifying the above
dirvections, :

3 jaurs Blank,~ "Technigue end Devives Conduoive to Bettex
Tenching of Geometry®, MATHEMATICS TEACHER, Vole. XXI,
Mareh 1928, pp. 1717161.

4 Mthur Sehultze L ” 2 B8 , AL TR A AL Al 1AL
ary Sohools, Macmillan Cos, New York, l9lZ, pp
¥
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Breslieh®lists colored ahalk am@ﬁg the muterials
needed to temoh geometry effeatively.s Other writers such
ap aumha&ﬁa. snd Bmith snd Reeves 'make no mention of the
usa of colored chalk evidently thinking 1t in of no pape
ticulay value in teaching geometry. |

5 FErnest K, Breslioh,« Thg leas ing of Bedondary Mnthemst
University of Ohiengo Prets, CHiCEGO, APYLiL L6000 Dy 194

6 30 Glayton Sumners,~ Supervised oLuGy LI
Mt fojence, Mnomillan Co.y HOW YOYKy LlUdm,




CHAPTER 31, |
METHOD OF PROCEDUEE.

| 'Tha dgta upon whioh thiw.atudy was baped were gather~
ed in twe waym. A letter of inquiry regarding the use of
colored ohalk in tesching plane geomatry snd asking the
opinion of its value was sent to a number of high school
ﬁe&ehers‘in the stcte of Kansae, snd snother letter of the
same type was sent to mathenaticians who hava written text-
books on geometry‘ This was used merely to get the apiniona
of authmritias on the subjeet.

The setond method uned was a aanmarisan of &n uxper-
imental claps in which oolored shalk was used and a eontrol
olasé in whieh only white ehalk was used. Twe olasses, one
ma@ting at elght-~ten in the morning ﬁnd the athér at one~-

j twanty-fiva in thé éftarneoﬁ were used, Thaﬁé classes were
, thé regular classea in the Emporia, manaa, City High:thaml.'
The olass perioa was fifty~five minutaa‘long. thirty five
for reaitation‘aﬁd twenty faf supervised atugy; The afters
noon ciﬁma wag used as the‘éxparimantal claaa.

| The enrollment of the classes wam twenty~six and twenty=
seven raspeetivalyx From these, twnnty—two palres were ob-
tainad. The students were paired on four pointes (1) intell-
igence quotient, (2) eighth grade record. (3) ninth grade

racord, and (4) the algebra mark, Of the twenty-two palrs,
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Tifteen were also puired in regard to sexs The intelligence
Grohp
Intelligende Test, The test was given by the writer to all

guotient wes obinined from scores mude on the Terma

the students on the eame day, in the reguunlr olmsse perioed
after the ul&awuhaﬁ besn orgenised, The Terman UGroup Test
‘may not be an exast test but it is as good a pairving agenoy
an the algebrn score, elghth grade reoord and ninth grads
records The teats were scored by studente in the Mearure~
pant clugses ot the Eansos Stste Tesphers (ollege of Hmporis
under the supervision of Drs He Be Sohremmel, The elgth
grade and the ninth grode records were secuyed fmam the
official resord in the office of the Primeipal of the
Emporia Junior High Bohool, or in tha oese of ohildren whe
wers groduated from the Rural SBochoole frmﬁ the office of
the caumt% auperiﬁtnm&ant of Bochoola. The aigabra record |
sloo was seuured from the offiece of the Prinelipal of the
Junlor High School. Of the fortyefour pupils uged in the
mxperim@nt all exespt four had had the same ulgebra temahar;
Eight pupile in the experimental diviéion had f@iled in
algebra elther one semester or two, one in the control
glugs had fulled In algebrs snd one had falled in geometry.
These fallures muy bs a signifisent faoct in pairine the
pupils although there 1a no evidenoe to show that algebra
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is & busls for geometry, However 1t"mmy 5t least, be &
faotor in the results seoured.

While thie ex eriment may not be controlled sufficient-
ly well to give positively relishle renults, ne botiter colfie
trol oould be workesd osut undey normul working conditions
in the ordinsry sohool systems The complete cemtrol wags

- 1le The valring of the studente ss dencyibed.
2e¢ Gome ﬁaxﬂbomk wag uaed,
' 3; Bome temcher tnught béth Alroaes .

4, ~ame theorems and aswr@iamw‘wame useds

s “eme theorems were praesented each doye

6o Game ussignment wes made each 4aY.

7« Game home work wes required,

In every way the teuchins methods were the amme exoept for
the use of oolored ohalk in t'e experimsntal division.

Any new materinl, any diffieult part, any important
phase of the subjeot wus presented to the experimenmtsl olase .
by the use of soleored ochalks Thepuplles were not ssked or
expected to use oplored ehalk, vlthough im one testone
puplil veed colored erayons on his test paper and one pupil
asked nfter the first presentition with the use of coloved
chalk how he could repmpsant thut om puper. The control
olass presentation were ut nll times mude entirely with
white ohallk,



Golowaﬁ ghalk wes usad to precant‘the followings

Ls In temohing the construotion problems the eros
drawn using the same center were made with t e colored
ohalke | |

2, ¥hen the comstruction was somplete the part that
‘was required was then oolored reds |

3» In tenching the superposition theorems one figure
was drawn with white #halk and the other with colered chalk,
then the celored figura wus plaoed upon the white figure
eoloring aaéh purt as soon 88 1t was Juntifiad‘hw the proof.

4¢ In other congruweney theorems the aquul parts were
oolorved the same. ‘

8« In over lepping figures the equal parts were also
evlored the same color, ms when proving thq‘biumaﬂtrn of

the base sngles of sn isosceles triangle were pgual and

slse the medisns dr@wu from the b&ﬁa magles to the opposs
ite sides. , :

6s Pmrallel lines were alm@ya oolored ovmnaa w1ﬁh‘tha
equal angles marked in colors alsos ,‘ |

%+ In proving the sum ¢f the angles of s tyiangle
agual to two vight angles the parallel lines negesesuxry for
Ahe proof were colored.
The colore used were red snd yellow only when two aoleye
wore needed, and orenge and light green added when more

golors were needed,



Fige 1. ILODUSTRATIONS OF USE OF COLOFED CHALK
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122, Comstruction problems.

Superposition theorems,
Gongruent theorems and exerciscs,
Overlapping figures, .
1 line theorems and exercises.
The sum of interior angles of a trisngle egual 180,
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A.teﬂt wag givan aaah waek. ﬁha same tasﬁ being given
to both aivisiena, The taata were @onatruetad by the writer.,
In most of ﬁhe tests at laast-half ﬁf the m&terial‘wastnot
directly fram'thh taxtbeﬁk but.1t=wa3 matarial ﬁhat made
applia&ticn of tha m&terial in tha texﬁw The axaraiaea glven
in the test were not exaatly tha ﬂlﬂl B8 thaae usaﬂ in alaﬁa
~although they w@rm alaaely.rglataap The material for the
tests was taken from éupplemantary'fext b@ﬁkéi ‘tandarﬁw
- teste or teaks writhen by the writem rmr furmar m&aaaaa in
plane geamstry. The test was plaaaé upan the blaakhaard by
the writer or an aseistant and the @upilﬂ npad from the
blackbosrdy No colored chalk was used in the test. Bight
weekly tesis wér@ giveny The am@arimgntal ﬁprk Wag aan@iud—
ed with two final examiﬁatiénag One of these fih@i examina
ations was written by the writer &nd‘tha ether R writtan
by Mre Ae W ?hilipa, Prafasa@r of Math&matiea, Knnaaa

Btate Teachers College end Cowatthor with D+ ¥ ﬁernaré
"Plane Geamatry“ published Johnaon Publishing Coss Rich-

mond, ¥irginia, 1927, The value of esash test wes detar—
‘mined by the number of statsments ond resagons in ‘each
| problem, Each 3tatament anﬂ each reason uounting one
point., The value of‘eaoh test is liat@d on- the copy of
the test in the &ppendix af this atudys
The experiment was continued from January twentieth

to March twenty-first. 2 period of nine weeks at the
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b!ginninﬁ_af the second semester of the achool year of
192941930, The dlaoss ewﬁplatad the work on a@nmtruatian.
congruent figureﬁ. pmrallal 1ines, and tri nglaa and anglen |
during the periods The text hpak used was Plane and Splid
Geometyy, by Walter Burton Ford and Charles asmmermun.
on the last day of tha,axpa&tﬁﬁht@ questions wers

asked to ohtain the aﬁﬁaanﬁa* reaction to the aﬁper&m&nﬁ.'
In answer to ﬁhe quentian;“@hy do yon thiﬁk 1 hmve tmught
the alaas instead of the vegular taaahar?” ?hirty of the
forty~four snswers ware;"ﬁea&use you Wﬂ?& a yx&at&ma toachw

«" This anawmr wes 11kﬂxy due to the fmaﬁ that the Emvoria
#High Bahool ia used for teacher ﬁrainimg purpones by the
Fansee Btote Teschers Gollmga of hwwarimi Fone eof the mtu~
dents knew it was an exparimant.althuugh three imew thut
it wes in some way gonneoted with work of a ara&uatw nature,
Yot one of the puplle knéw that aif#érant‘mxnatiuuﬁ were
being émpimyed'in.ﬁha two @1%3ﬁ3”ﬁ Th@ pupilnlin the ex=
perimental olass were of the épiﬁian thet the <olered ahalk
was helpful, esvecinlly in aangruwnz‘figureaﬁ ,



CHAPTER IIX.
PRESENTATION OF DATA,

The purpuse of thie ohapiter ls to present the metewriel
obtained.

0f tha ﬂiﬁw replies to the &ﬁt%aw sent to the hiﬁh
school mathematios tesmchers i four instyuctors sey they
usae colored eiull in tenching plane gﬁaﬁatmya twe Boy they
use colored chalk to some extent, one usen it ma@m&y; and
two do not use volored ohalk at w«1l, Those who say they yse
it and thoss who use 14 rarely ssy it has & value, The ones
who do net uss colored ohalk in plene gemm*%my gay it im &
valuable rid in solid gaamatmym ﬁﬁmn of . ﬁhﬂ y&&aa& in wh&ah‘
teachers say £t is velusble sre: ev¢r1mypins f&gurwa. WBEBBUT =
ing insoeribed sngles, the Pythagorezn theorem, in similay
fizures, angles opposite unegual ala@m and unequal a;@wa
epaosite unequal angledy qawgw@unﬁ f&gnrﬁu; in pmuvtng bl
seabers. of equal anglee of isosveles urﬁanglaa.are equal,
1n'prnving medians through the uqual-@agl&m are eqgual,
7 The Tollewing quotations awa‘dmmam@ts wa@ letters
sent in veply to the requsst for opinions me to the velue
of uming colored chalk in temnhiag'wlang geometyy., Al) of

the writers ape authore of gaamntry‘taxmubaokmu
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I do not belleve that its(oolored chalk) use is
essential; there are times, however, when dolored chalk snd
colored pencils sre desmirable aids, They may he used ¢t the
ba%inning of the oongrsusney theorems %o visuallze the equal
pairs of parts. They may be used to adventoge in onlling
attention to an ldentoel line or sngle. They sre sometimes
useful in indierting parts of overlapping figuraes. They may
be used to mark four lines of a preposition upom a f£igure
in order to bring out the pelirs of triangles to prove sime
ilax. They enliven the drawing of figures becsuse ohildren
like to play with solorse, '

In m~y own teuching, I remerve the use of colered chalk
for may own work at the beard. I do not require pupils to
use solored ghalk or pencils for their olass work or for
their homs works The use of ¢olored ohlak or pemeils has
ponsidérable value, 1f it le not made a general practice.

Ve We Btrader.
Wme Lo Diskineon High School, Jerap
e Hew Jer

mwcityﬁ
o g8y,

I am not very enthusiastic about the use of colored
chalk in te: ching plane geometry. As far a5 the plane is
concerned it i some use for o few filgure. Usually however,
the solid line, the dotted line, mnd the brokon sketol line
glve sufficient variety, '

Geos. As Harper.

Tucson High Sehool, Tusson, Arisona.

The more I think over it the more it seems ap if you
erellikely to Ye disappointed in the resulta. I just ocsn not
pee how & olass using the colers will show enough progress
gquantitatively measuradble. ' '

Theodore Lindquist, ,
Miohigan Stete Normal College, ¥peilanti, Miohigan.

¥y general attitude toward the use of ocolors in teach~
ing geometry 18 th t like models they heve their pluce in
the beginning but should be regarded only as crutoches whiagh
surely must be discarded as soon as puplls are able to limp
along without the use of color.
%+ Ke Breslick, ‘
Behool of Bducation, University of Chisago.
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In raply to your letter :sking about the use of aolor-
6d ohnlky I will saythet in my opinion it ie a very valuable
ald in tescching Plane feometry. I would certainly advocate
its use. There 1s & danger in the use of ocolored chidlk that
should be pointed outse It is like a oxutch. *here cumes a
time when a oyutoh should be put into the discards

Js DpHumolers '
Department of Methematicy University of
o 3 C Y Qklashome.

, I feay I ocannot be of mu¢h mesistoncs to you as I
have never used 1t{colored challk)s I believe one reasson I-
have never used it is dbecuuse I never have had any on hand
at th: proper time, hence when it was necessery to distine
guish one line frow mnother in cumplicnted figuree § made
the lines show up differently by meking scme of them wavy
lines, some dotted, mnd some with little eireles om them.
Of sourse 1f I had had colored shalk at the time I would h
hove used it te good sduvntage. :

N - Dy Heade Bernard. _
Cemp Lirsotory, Camp 5&woliaa. Brevard, NHorth Carolina.

Many pupils are laoking 4in visual-mindedness. Nowy
golored chalk is & kind ¢f erutoh for these puplles I should
not wish to continue the use of 1% through peometyry.

John R§ Olark, _

Principal Linclon 8ehooly *eachers College, Celumbis

University,

1 have & very sivong convietion that o moderate use of
colored chalk in more or less compliceted figures helps
outes I mean by moder:te use, the use of one or possibly two
colors in a figure. I think that 1¢ detrsets often times
from a drawing when the draving ies too ornate. ‘

Gs Ru Hirviok, S :

Linolen SBehool, Teashers Colleze, Columbia University.

I use golored chalk but not in any systematio way,
ut I keep it in my olass yoom and when there is need for
glving ‘urticulag emphasis to some purt of o Migure I use
it freely. *he use of eolored ¢halk frequently reolieves eye
fatipne and maken it possibke to present n proof with greatw
er brevity and clearness, . ‘

¥ would mdvocote its ume in an imformal woy suggested
sbove where it will add to the clesyness of the Tigure snd
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to the ease and brevity of reference to 1t. Not, if used
always according to some formal and presrranged system
wizloh may or may not be a real aid to the eye in following
detalls of the argument.

- Ae Wy Philipam '
Department of Mathematics, Eansas State Teachers GQIleue
of Emperia. . ‘

Profs Raleigh Sdhorling, Gchool of Eduaatiun, Uni#er*
8ity of Michigan and Prof. Geo. W, Mhlliﬁa._@apartmenﬁ Qf
pisthematios, Barmard College, Taaéhers Eellagﬁﬁﬁ%mﬂum%ittg
University dtd.net exnress an opiniom of the uu6 @f golore 4
chilk, The letters raaeived from them will be found in
Appandix B.

HOW PUPILB WERRE PAIRED. :

- In Table 1 the menner in whieh the pupils ware p&ired
13 shown. The intelligenae quoti@ntg eighth gr&da»reaard,
ninth grade record and algebra grada were aa@urad a8 ex~
plained in Chapter II of thia study. | |

The grades received from the effise of %ha‘Principal
of the Junier High School ware weighted in ﬁhis mENNners
An E grade was welghted as .5, & grade 88’ @, m CY u 2 as
2, and ¥ as 1. In the chart a grads of 4,1 means. aigwm&n of
Gy while & grade of 2.8 means &n unweightad grade of P *
The pairing ie rend Bcross the page thusi L.A. with en
intelligence quotient of 90 i# paired with C. A. directly

aoross the pege who has an intelligence quotient of 90,
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TABIE 1.
PAIRING OF THE PUPILS IN THE TWO CLASSES

CONTROL CLASS | EXPERIMENTAL CLASS
/f’ . : "
Paiffﬁame TeQo | 8th |9th al@;‘abrg Yame| I.Q.| 5th|9th glgebre
nofi~-| of rradegrade| grade of ,gm@wm garoade
bexr | pupil re~  |Te~ | Rpil Péw | rE-
. cord |eoxd ‘ . L aord | cord
lc IJQA-U 9@ 3!1 3‘4 3'6 CeA& 3&0
2e H. B, 116 - BB (247 2.0 Qs W9 _2.:5
4. :D'dfc'n 97" 2;5 2&7 5'0 ';\ LlBt~ : l Zua )
Ha CaDs |108- | 3,3 (343 440 AeCoy 1345
Ge TelEe | Bl 3,1 3.0 30 R.8o 5!«5
70 Jqu ﬁO" 2‘? R.ﬁ 2.0 Fpr 2.2
8e | U.G.| 84<|3.0 (2.6 | 2.0 |C.7. 2.5
90 Rch 1.3.@-' '3¢2 5;@ 5.; I&E.B. . 3;8
10. § DJH.{ 91 [3.2 [3.0 | 3.0 .&.1 2,8
11‘ IutTo 9'? 2;.8 3.5 4‘9 JQK# 500
12 « Ao dy 119 A1 |34 S0 Wellw 4.0
13« Veds 119 3.7 (3.8 4.0 DeBe 2.8
14. Hedo 104 S 318 4,0 S‘JEQ 400
154 EsXa ‘m Ba0 2.5 3.0 B, 2e8
160 VOIJQ 16‘ 511 24‘7 3,0 } uBn’ ﬁQ
17 & Pels (127 3.0 |4,0 340 1LeR s 446
18. LeLie | 93 30 (340 4,0 [DsE. ok
19 Fois 108, [3,3 3.4 4,0 VLo »8
204 S.Pe LO3 248 |[HuD 240 GeGa 2
21l K.8, [L24 S48 (3482 340 MaGo g
220 .“ﬁ",;Sa o8 344 3;0 SQO B.E iﬁjl R
Madianll‘ﬂl.?"ﬁ.z 3.l 3k +0
Mean [LO2.7 3.2 (3,0 | 3,1 2
Selle lzns 49 .4 N 27
kange (2-1287 - ;
—oierdoavrone-peRey
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The comparison of their eighth grade record, ninth grade
record, and algebra grade are read in the same manner.

The median intelligence quotient as derived from the
Terman Group Test was 101.7 for the aontrol olasg'and for
the experimental elass 102.1l. The eighth g:aﬁé scholastic
records put the median at 3,2 far the sontrel olass and
3+8 for the experimental olassj in the ninth grade record

the control ¢lass hdd'a median of 3.1 and the experimental

. eldes a medlan of 3.03 and im the algetra grade the control

elass had & median of 3,1 and the experimental elsas a
medisn of 3.2, It is evident that the differencesbetveen
the two olasses were very slight. Since all‘had come from
the ssme gounty and nearly «ll from the aaﬁe pehool system
the marks are likely quite ﬁsll standardiged,

RESULTS OF TEST I,

In Table 8 on the following paga ﬁhe aeere‘made by
euch pupil in Test I is shown. The pupile are arranged so
that pair numbers are read scross the page. The pupils
initiels were used yather than the entire name."L.A." 1s
paired with "C.A." and so on down the page. |

The score was obtained by evaluating each statement

and ench reason for a stitement as one point as was ex-

“plained in ChépfarIIr The point value of the first,t@at was

fifty-twos Since the reliability of the tests is not known

‘this factor must be teken inta mccount in evaluating resultis.
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CONTROL CLACE ' EXPRLIMENTAL QLASE
Mrﬁ Hame. Beore Name Boore
numbey of of
pupll pupil

X R 7Y ¢ B3 Cela 10
2y HeBy 7 Qala 13
Be JsCy 3G Colls 2%
4, DeCu 7 LeBs ' 1%
He CsDs a8 AsGe 28
B LT B 18 HeBy ) 1%
"'0 JeF« 28 . FeKeo 20
8 - HeGo 10 Gul s 16
Cu Hello 15 ' HMeBa ¥y
10« DeHe 1k ' Hehil 10
11, 30 JeKe , 18
12, 28, Yele 33
134 30 . DaBe 3B
14. 28 SN, 38
16, &5 EobBe 1B
16. 1% HoK. 26
17. 20 LR, 3
vla‘q 10 Delig 26
19, 2L Vol 31
204 23 (14Go 21
2l. 28 HeGo 1é
284 28 BaFe 8

o 4. 21l.0

2)+06 20,7

8,7 - Bed

TuBH ~ : Gud

Lend aoross Dofes
foore is exprsssed in points. Total number of peintes in testdR,
Teot questions may ve found in Appendix A.
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Med1ans

egend e
Z' GRATH I
, = ‘gnningl
| ixperimental
LAf“IV“ O PUPILS g 07 i
(S8cores of nupnil (trol ol in =
' of ','n,
——
— = = ]
reaa graph thus: the member
} il of pair 15 in the conirol
| eless Jade & Bsoore "7‘ ":.
-?;:-v: 11 in the experim
= = y %al 2ase made 15, The med-
ian of the control clases
] was 23,1, and of the exper-
imental 21.0.
— =i7
[ 11 ‘
‘ —————]
| — g
: — 4
— |
: =
|
]
= ——
T TR N ]
g /0 5 20 25 SRENas oo
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GRAFH II.

SCORES OF TWO CLASSES IN TEST II.
Legendi — Control class

——ExperimgRin.

The graph is read thus:
The highest score made
in the experimental class
was 37, in the control
class 35, The scores are
\ in descending order.
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The highest score made wus thirtyaaeveu'and this score
was made in the experimental clids. The highest score in the
contrel class was thirty~fifa points. The 1@West acarﬁ we.a
aleo made in the szperimemtal oldss, six points, while the
‘lowest scoTe in the dontrel clacs Waa geven painta. The
median of the experimental amaan wen twanty*one and in the
control class twentywthree and one—tenth.

The scores of twelve pupils in thc axparim&ntal alaas
 axu¢eded the scores of the pupils ir the gontyol class with
whom they were péiredg in one pair the‘uOdra was the same
and in the other nine pairs the aa@rb.made ip'the control
elase exceeded the one msde by the pﬁpil’éf.the uama peir
in the experimental class. o
| The materials for Test I were the canatrhetian'pxabiama:
to construct & triangle each of whbse aldes equalvone inch,;
to conastruct & triangle with sides equal te threa given léﬁ&h&ﬂ;
| to erect a perpendicuBdr to & lime from a point on the line;
to ersct @ perpemdiculdr from a peint mot on the linej bl-
section of a given angle; bissotion of a given 1linej and an
an:le equal to a glven angle. The test also included the pse
of the protracto. The pupils were required Lo write the
construction in fromal form. A aompleta eopy ¢f the test ocan

be found in Appendix A.
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T. BIE 3.
SCOEES MATE BY »U2IL& IN 7To0T I,
CONTROL OLASS EXPERTMENTAL GLASS
Palef Yome Soore Hame | Boore
numbey of of
pupil ' papll
e Labs Goho 11
2y HeBs Oushs 12
K Jale 0% 11‘%
b4y DaCos LeBy 18
5c thl‘r A-Co ' 15
ﬁ‘ : Telly F.aB 4 18
e JaFy oK 19
B Hely GoFe 14
De RoHs HeBe 8
10, DoH, HMA.» Tl
11‘ . LO‘T! JQKQ '70
18, Asda Woloe 21
13, Vade DeBo 12
14, Rade BaEs 28
15, EaFes E.8. 20
18, Vols HeRa 1
17 Polin LieBRe 184
18 ¢ LaLe DeE, 10
19, Folle Velie 2%
204 BePs Gala 1l
2le Kol WeGa 21%
226 . Wabs B 6
Yedian 15,8 18,0
Honn 13.8 1443
, Selo Je8 ' 4.8
hange TheR1 w23

i Hend novoss the puge.
Boowe iz expressed in points, Total numbey of polnts Je 28.
Tests mpy be found in ippendix A.



GRAPH III.
;‘7‘”“/ RANKING OF PUPILS IN TEST II.

(Scores of pupils in control class

— | Experimentsl in d&scending order.)
umber .
= ——i
= ]
E | Kead graph thus: The member of
peir 13 in the control class
=) mzde = score of 21, the pupil
— . in the experimental class made
. 12. The median of the control
=l 1 class was 13.8 of the experi-
- ; mentel class 12,0,
S |
— |
= =
=)
— T Ee———|
|
= — ::':I
— — — -_,_:!
3 l il [ [
8.5~ 0 45 20 29

Medrsans
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GRAPH IV.

SCORES OF TWO CLASSES IN TEST I1I.
Gontrol class

——— Experimental
class.

" Legend:

The graph is read thums
The highest score made
in the experimental class
was 23, in the control
" class 21« The scores are
is‘ in descending order.

) 1 2 345 6780 1011 12 13 14 15 16 1718 10 20 21 23.

¢
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Graph I shows the rankingof esch palr of pupils in
Test I, In Graph II the twe ala&aga are compured om the
soorer mude in the first test, The experimental made the
highest and slso the lewest soores Thers is nn wignifiﬁiannt
differences in the results of the n@@ ¢1aﬂaawm

RESULTE OF TBST IXe |

In ?able 2 on the Tollowing pa@a the uawre mode by
eaoh pupll of each elass in Test II 18 showns Tha puplls
are arrenged Be that the pair number resds saroes the page
&8 explained praviouuly.

The soore wse obtained hy nvmlua@ing aaah stutement
as was done in the case of Test I, The point value of the
segond teat was twenty-six. | -

The highest smgere made woae twamty»thrma anﬂ it was made
in the 3xper1mantal glass, wiile the higheat score in the
.oontrql vless was twentye-one. The lowesi score was also made
in thayaxﬁarimwtnﬂl class and was a!x'pnimta. and the lowest
poore in the control ¢lass wenm Beven &nd quuhalf‘pointua
The median of the axparimsutal slags wop twnlvavaﬁd in the
control olass thirteen snd eight=tenths,

The soores of ian pupile in the experimental clase
exceeded the soores of the pupils in the eontrol olass
with whom they were paireds in one pair the saore was th?

ssme and in the other eleven pairs ghe soore made by the
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pupil in the control ¢lasw excesded the sne made by the pupll
of the weme paly im the expsrimenmtal eless in the second test
givens | |

Definitions were used as the material fox Test 1L The
test ineluded: the definitioms of supplementary sngles,
complementary englesy soute engles; obbdge amma vertionl
angles, right anglae, iaouomluu‘tw&amﬁlema'vtamt triungles
and in additlen to these definitione the firet theorem on
gruoent 4f
two sides end the ineoluded angle of ome tyian;le is erusl

congruenoy. Thie theorem is "Two triangles ave aon

respectively to two sides snd the included angle of the othex.®
A aomplete eopy of the test oum be found in Appendixz A

In Graph III theranking of eaoh palr of puplle in {est
I1 is shown, In Oreph IV the compe:
in Test II is given, |

| RESULTE TEST 11T+

In Teble 3; on the fuu&iw puge, the score made by

each pupil w esoh paiy is shown. The puplils are srronged

in the name menner as in the other dhorts. The test was

fson of the two ¢lunmes

svaluated in the pnms manner as were the othay tesis.
The polat valus woe LortyeLfours |

The'mmat saore war forty«~fouy, o perfeet soore, and
was mede by a pupll in the experimental e¢leass, while the
highest soore made in the oontyrol olass was fortyethree.
The loweat soore,ten points, wus made by n member of ench
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class, The median in the control class wae twenty-eight and
five~tenths, and the medlan in the experimental olass wae
twenty-six and five~tenths, |

The scoxes of nine pupils in the experimental olass
exceeded the seares of the pupile in the contrel clase with
whom they were paiveds in the othey thirteen ﬁi’m the score
made by the pupll in the control ¢lases exvesded that made
by the pupil in the experimental oma‘jn. |

The waterial for Test II] wem the congruent theorem,
"Pwa triengles nre gongrusnt if two snglesm and the ingludad
side of one trimngle le equal respectively to two angles end .
the included side of the other.” and exeruises m ‘eorellariee
which apply to 1t. ‘ |

In Graph V the ranking of eaoh pe.i;-” of pupils &n
"Mﬂ‘b II1 i¢ shown, The greph Y1 'an the comparison of the
“two classes In Test IIls The m‘z:pwmmml slans had ore
verfeet paper or & woore of fﬁrtwaaurc‘rha lowest score for
each group was the same.

RESULTS OF THEBT I?mk

In Table V on the mxt page the ssore made ‘by sach
pupil of each pair im Test IV is shown, The puplls are MrW*
ed in the ‘sme Mm‘.w ae befores The pairs yead scross the
pefe oy before. The test wne evaluated in the sma way, one
point for erch statement and one point for each remson. The

| point value of the test wns forty—‘vmur;
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TLEIE 4.
BCCREE MADE BY PUPILE 1IN TEET 1lXs

QO¥TROL GLAGE BAPERIMENTAL CLABS
X T Fams Seore T Bexie | Boore
number of ' of
pupll - pupil

Lls Lisha 28 Coh* 2%
Eﬁ ) HDBG 14 Oudig 26-
. Jale 31 CaBow 2Y
4- I),.C‘i L 11 Lng 23
‘ 5“ © Cebe 3% AsCa 44
Gu o 23 R.8s 26

‘ 7u JeFw 25 FaKe . EG
By - HaGo 31 Gal» 16
G RoHe 10 H.Bs DR
10, D.He a8 Mebo Xé
11, Liede 28 Jake 10
124 Asds 37 Weloe b1
13 C Vaedoe 38 Debia 34
1¢. | R 43 BuH. | 3B

15, R Ko 33 Eebs 20~
16, Valie 29 HaRe 2%
11‘?0 PQL# 39 Iﬂ?- 1.3 48
184 © Taeles 36 DeBie 33
19 3‘&3&3 24 Vilie 39

20, SeP i 21 GQG' 28
21 Eubo 11 ‘ . W@ﬁ'h 1]

22 Wof“}: 24 BoFe 18-

15728 4] o F e

"BaDe Dol 8.8
hange 10w43 10+44

¥ head agroBs DPLge.
Boores are sxpreszed in points, Total number ¢f points 44,
Test questions may be found in Appendix A,



GHAFH V.

RANKING OF PUPILS IN TEST

ﬁeyend

I Experimental

D“i
(o}

III.

| Control

(Scores of

pupils in the control
class in descending order.)

== = — i
—;
- = I &
e i
=
Read graph thus: The member
=— of pair 14 in the control
class made a score of 43,
; in the experimental class
e 35, The median of the con-
— trol class was 28.5 of the
experimentel class 26.5.
i —— - == 1 3
!
—

— - — =
—)- .
= T |
—
-—]
— —=
— |
|
I [ | | [ [ i
/8 2o 25 Fo 39 4o 445

Medions
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ORATH VI.

SCORES OF TWO CLASSES IN TESTIIZ,

——Control class.

Legend: . gpxperimentsl
class.

Read graph thuss
\ The hizhest scere
A in the experimental
olass i8 44 and in
the control class 43,
The scores are in
descending order,

gpilsl 23 48 67 8 © 10 11 1213 14 16 1617 1819 202122,
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The h\i,gm‘at goore was made {n the experimental oleose
and was forty~one, the mghmt soore in the contwoel claes
was thirty-six, The loweet score in the mparMntml slass
_ was ten while the lowest in the contTol olass was ninme pointa.
The medisn of ench olaew wes twentysaix end fivestenthe.

The sooxes of mine pupils in the éaiparimnml’amw
excseded the mww;mf»ﬁm pupils imm’&' sontrel olese with
whom thay vwers pasmm in tm othex thiwt@h paire ﬁh« BOOTO
mede by the pupils in the control olass exoeeded thome made
by the pupile in the experimentel alass. o

The meterial f@ﬁ' Test IV was such exercives os “the
biaeatom a:f m 'baw amlw of an M@Malcu tyiangles are
| aqum., and mm mdimm drmm from the base mglam of an
isosoeles triangle sre aqaml sad the congruency theorem
“Two trisngles sye songrusnt i three sides of mmmrs
scual respestively to three aides of the othery"nlso
exerolpen appliéd to 1t And thie test mmplataa' the work
on songruent figures,

In Sraph VI.tha somparison of esch pupll in sach ¢lues
with the pupil with whom %e is paired is shown. Graph VII
showe tha aamp&riwn of the two slasses on Tort IVs
RESULTE oF TBEHT Ve |
In Table 6, on the following page, the score made by
eeol” m::.w each paixr in Tent V ln‘ shown. The puplls are
arranged so thet the paird reod ﬁaroﬁ‘a the pege thusil.Ae

made ninetsen and is paired with CeAs, who m:de ten. "he
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TABILE B.
SC RES MAIE Y PUPILE IN THST IV,

CONTHOL CLABS EXPERIENTAL CLABS,
Poaly § Yame Baore Hamo Boors
numbher of ' - of

pupil ; pupil
1. Laha 22 Cads 24
2 HeBe ‘ 26 ; ; y@.ﬁu 23
S o deUe 51 TEWE, 20
4. 3--"0‘ 9 LwB% } 23
Ba B 1% 3 3B Aol 56
Ga TeEs 2 Faboe 26
Ta JeFe 19 Feke ‘ 29
By Haels 268 FeFe 19
94 KeHe | 20 MoBe 28
104 . DM, 20 T 18
11& Loda 22 J e Ko ' 17
1z, Boda &3 Walle 41
13, Vade 38 DeBs a4
L4, Fiade 38 Bele o
15, BsK, 368 Beboa 28
16, Vel 24 HyR» 13
17 Polis av LaRse 37
18, Taalie 26 DiEe 28
19a B 30 Velie 56
20, 8sPe 2% GulGe 24
Zle Ke8s 36 HeGo 30
23’» W*@t 20 B»\F-ﬁ 15 .
Medien | 2648 2648
iean 272 <68
BeDs Tali o 78
kange .1 1341

# Rend noroes the page. |
Seores are expressed in points, Total number of points 44.
Tests may be found in Appendix A.
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GRAPH VII.

E—— — Jixperiment=l
= ‘nn+rnL

Pair number

g 5. I&
)7

RANKING OF PUPILS IN TEST IV,

(Scores of pupils in the control elase in descending

order.)

E

e

it

|

e
—

—
f—_——

Read graph thus: The mem-

l ber of pair 12 in the con-

trol class made a score of

143, in the experimental

class 41, The median of -

all

the control class was 265

| and the same Bor th2 ~ox-

perimental class,

I

- |
| J
= - M.
==1=
= = -
g =—————2——
= —
P ———— —
Po@nts. | i = l | |
I /0 M R0 25 Fo I3 4o 48

/ec240blm;
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GRAPH VIII,.

SCOKES OF TWO CIASSES IN TESTIV.
-——Control class,

Legend: __ gpyperimental
claes.

Read graph thusi The
highest score in the
experimental class
was 43 and in the
control eclass 43,
The scores Gre are
ranged in descending
order.

123 4667689101112 15 14 15 16 1718 19 20 21 22.
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test was evelunted by allowing one point for sach statement
and one point for sach remson for esch atmamhh The point
value was forty.

The highest eoore was mude im the experimental alass
and was thirtyeeight, the highest seowe in tho sontrol. eluse
was thirty. The lowest score made was two points in the
ex erimentsl class and the lowest score in the gomtrol clase
wag four pointe, The median of the aomwm elesn was elghieen
and seven-tenths and in the experimentnl olase f£ifteen und
three«tenths, |

The scores of only six pupils of the experimental alass
exceedod the sgores of the pupils with whom they were paire
ed; in the othar sixtoem psoirs the scors made by the pupils
in the control sless exceeded those made by the pupils in
the experimental eless, Thie would sosm to indieete thet
thet gontrol oless wes an appreaisble emount superior te the
experimental 0lxes in this partiouler test.

The material for Test V wes the theorems and exersipes
on payallel lim'ﬁ. These were the two indirest proffis sud
other thecrems and exeraises relutimg the angles formed
when two parallel lines aix-e out by s traneversal amnf those
relating to the conditions when twe J.mén out by a_tranm
versal will be parallel. |
| In Graph VIII the ranking of esch pair of pupils in
Tgst V is shown. Graph IX shows the comparison of the two
clagses dn Test V.



GRAPH IX.

¥ PUPILS IN TEST V.
(Scores of pupils in the ‘control
¢lass in descending orderws

— : Read graph thus: The member
= = of pair 12 in the control
£ class made & score of 30, in
the experimental class 24.
’ The median of the control
- - —— class was 18.7, of the ex-
J perimentzl class 15.3.

| — —]
o | l l I l | [ |
Points. & o 5 20 25 Fo I5 4o

Med /ans
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GFAFH X,

SCOKENS MAIE BY CLASSES IN TEST V,

Legend: —wsContiol clasu
— — Experimental

class,

Read graph thusi; The
highest score in the
Bxperimentsl class was
38, in the control
\ clagss 30, The scores
are arranged in dee
scending order.
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RESULTS OF TRET VI
In Table 7 on the follewing paze the score made by
each pupil of sach pel? In Test VI ie showm. The puplle

panged in paire aoress the page oud ere veud inm thism
mnmr{ Lehe paived with C.ie mkds & scors on this test of
twenty points and C.A. made a sgore of only eix ;‘Mimsi The
tect wesg gvalusted o8 wus dosoribed mm. The point value
of Test VI wee forty with an additienzl problem whﬂ'*&#ﬂ“
optional gounting ten wors points mk‘img & total of F£ifty
pointa, |

The highest seore wee made in the w«rmmm olasu
snd wap thirty-nime peimts, the highest moere in the aantrnl
clone wig thirty~four cointe,. The lovest score was in the
éxperimental cless and was gare (this pupil only sopled the
figures fyrom the test snd 414 not attempt any of the pwam@m},
the lowest In the contrel elase wos eight pnin-ms The median
of the gontrol olass w:.s twenty-two and of the experimental |
was seventeen and five~tenthes | |

The scores of nime pupile in the experimental vlass
exaceded the sooyes of the wmm with whom they were palred;
one pair made the same soore and in the mm twelve pair,
the pupil in the control clasa axgended the ﬁupil with vwhem
he wos paired. o |

The mzawrml for Test VI was the theovem "The sum of
the interior angles of any triangle mqml Ywo right ungles,”®
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PABIE 7.
SCOREDS MATE BY PUPILS I¥ TEST V.
- COHTROL CLAGE wmﬁx@wﬂuﬁ QLAGS
Palvd Fewme Soove Hame Baore
numbey of ] of '
pupil . # pupil
le Lol 20 ' Quh* Ba
2 HePe 19 Duhe 244
Se JaCoe 54 Calle 18
4y D.Co 1? XuBs 18
e ~CeDe 5 Aala 3B
61 : Tc}gﬁ 31} Ro&a 13
Te ‘wele 15 O BY
Ba Halia 14 QLR 15
e Ralle 8 ToBe 11
10« Dulo» 15 Hohs 0
13, Leds T 2B JoXs 7
124 Aads <8 Wele 26
1l Veda as DeBa 18
lds Fede 27 Bole 36
15. 15: mK,@ 23 E&E ® &5
164 Valis 18 HeHe 8
17 Polon 38 LieRs 39
18, - Lielis a2 DeEs 8%
19 . S 2 Vals 18
a0 » BuPe 16 GG 5]
21, TuBe 28 WGy 29
242 Vel 8 BeFo 2
Hedian 22,0 17,6
Hean 23,8 1846
GeDa 748 2048
- Lgnge 8+34 0«39

# Read aoross the. poge |
ﬁa:am i given inpoi;ta. Tetel pumber of pointe BO.
Tests may be found in Appendix A.
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I

_.;Qlil_iluﬂt 1 GRAPE X1,
e

: RANKING OF PUPILS_IN TEST VI.
f_number. — \Sclareshof pupii‘ 8 \{n the control class
— | in descending order.
i
4‘731
— |
— = |
—= l
= i = |
e — o = e
= —]
Rezd graph thus: The member
E— 4 of pair 2 in the control class
— — —] mode a score of 34, in the ex-
| — perimental class 15. -“he median
— | of the control class was 22.0,
of the experimentzal class 17.5.
Po— = — |
= e I
I ———— — ,.I
= ]
=
y |
/ ——
= E l
2 =
/‘ P — =
= = 3
= ==
7 — l
i
ZC e | \
8 —————— N "
— |
]
9 P ——— —
2
Points, | I ] ] | l !

= /o_ S Ro 25 3o X5
Medigns
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15

10

'11%

12 3,4,5678 9 181 12151
1,

39

GRAPH XII.
SCORES OF THE TWO CIASSES IN TEST Vie
e ——control classe
\ Iegend: ___ oxperimental
‘ class.

Kead graph thus: The
highest scole in the
experimentnl cldss

vaes 39, in the control
class 34, The scores
are arranged in de-
scending order.,
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and exerscises applied to 1t, The exercises were ull now
to the puplils and the third problem wes an especislly
diffioult one, A copy of this test will ba‘fauna in Appen=
dix As -

In Graph X the ranking of emoch paiy of paplla in
Test VI lo showns Graph X1 showe the odmpa

risan of the two
olasses in Tent VI, Altiough the experiméntal dlase He"

the highest individual soores the llme greph for ths slass

drops halow the control .almu- foy m’.tmaa{miﬁha entire test o

and in the lewsst sgove is eight pointe below the ventrol

olase, The explematlon might be that thie meterisl did not

lend $teelf to coloved ¢hdlk or that Dbe teasher and pupile

& not do ae good work in the aftersven as in the morning.
RES LTS OF TB5% VI

In Table 8 om the follewing pagem the serrs msde
by eagh pupil of each paiy in Peut VII is shown, ﬁ‘iw pupils
are arranged in pairs movress the page and sre resd in this
maynner: L.A. paired with C.As mede & wwa‘ of mimyathwa
on this test while Ca by made a sgore of twentywsix points.
The test wos evelusted am the others were; oné point for
ecach misntement and one poimt for sach veason for ench plutow
ment, The point value of Test VII is foxty.

The saores of nine pupils in the experimentsl olase
axceeded the sooras of the pupils with whom they were
pairad; one pair had the pame 500res and in the other twelve
pairs the pupil in the control slaps exoelled i;m pupil
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with whom he was paired, ,

The mnterial for Témt VII was the two theowems:™Two
angles Bre egual or supplementsyy whose slde sre perallel,”
and®Pwy angles aye squal of supplemembary

- perpendiculdr to each other,” Ths material alee inoluded the
theorems oonoexning the eongrusncy of right triengles and
mmmiwm wm?mm@nmm to thems. The materlal of ¢his test
Tesembled the olass work more clonely than did the meterisl

of the other tests,

In Graph XII the venking of each pair of pupils im
‘:@:‘ém Y‘I.i is mhowns It will be motlesd that ell the scores
on this test were highey then in the previous test probably
dus to the neture of the matevial used in constructimg the
temt, In Sraph XIIT the comperison of the two oleoses im
Bhown. Iﬁ 'bhzl'ﬁ test, exoent for the ene pupil who made the
very low scorve in the sontyol eﬂma the contrel ¢loes exeells
ed the experimental glae Noticesblys.

KESULTE OF TEST VIIX.

. In Teble IX on the next page, the scores msde by esch
punll of exoh palr 1}3 Test VIII are given, The pupils are
a@rmng@d in peirs as explained befores The polint vibue of
the test wee thirgy. This wes evelunted in the same munney
8 the othoyr tesits, |

The highee: score was sgain mede in the experimentzl
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‘ TABI::& 8.
BCORR. MATE BY PUPILS IW 7HST VIX.

CONTROL CLABE {PBRIVENTAL CLASE
Palrd Name Boore Yame Seore
nunher of of
pupil pupil
1: Iu.ﬁ» 33 mﬁi ﬁﬁ
2 HoBe 18 Oadie 29
S TG B3 GeE o 24
4. TaCs 4] LisBa 21
Be GeDs 59 Aale 36
Go + Telia 29 Fale 33
T N 20 FaKe 25
B Mol 28 Gel o 28
Pu RsBe poac] WaBe ' i8
10 Dl a0 Mabw - 24
1L, Lade 30 JdsKe 14
124 Aade a6 ¥aHe &9
% Veds 36 Db 28
14# RuJo 3& ﬂn”n 5&
15, EEs <P EsBa &7
1&* Velin 30 HsKe - 12
174 Pulin 35 LR s 40
18, Ludon 37 LB ‘ 28
194 Fally 35 Valie 37T
204« : BePe - 81 GG 16
2)Ya Euls 40 HaGa w9
224 WaBa 30 Be¥e R0
Hedain %5068 28.0
Meun R4 ‘ 7.8
Gala 10,86 8,56
‘Remge Bud 1240
oo

# Rend aorons the page.
Score is gliven in pointe. ﬁha total number eof points is 40.

Tests may be found in Appendix A,
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GRAPH XIII
Lé-qeﬂa/ﬁ HANKING OF PUPILS IN TEST VII.

(Scores of pupils in the control class
'_ Exr
Co

perimental in descending order.
ntrol

&
=
=3

CECTTTET Y e — ]
‘Z/ = j‘.

<.
i

graph thus: The member

air 21 in the control

8 made & score of 40, in

erimental class 30,

dian of the eontrol
lass wes 30.6, for the

= , | , experiment:-1 25.0.

il

- | | | | | l | |
Points, W 5 20 285 Jo I5 4o

Medrans
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GRAPH XIV,
S8CORNE OF CIAGSSES IN TEST VII. :
\ ——Control class,
ends 4
N\ e ——Hxperimental
class,

head graph thus: The
highest score in the
experimental class

was 40, also in the
contrel class. The
SQ0res are nre
ranged in de-
scending order.

I'2 34 567 8 9 10 1112 131415 1617 18 1920212
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gless and was thirty polnts. This wes & perfent sooxre,
The seme pupil 4id not wake the high soors eseh time
although L.Rs made the high soore three times and Valle
twise and the other four by aiffevent pupile ssoh time.
The higheat scoys in the asonmtyrol slans was twatyenine.
The lowest saore in slther group was in the uﬁmrlmmm
oless and was three, while thelowset score in the sontrel
glaps wos five. The median of the sontrel olase wue Fife
‘teen and foupstanthe, ﬁmé the mediun af the experimental
cldas was eleven and five-tenths,

~ The seores of seven pupile inm the experimental elaes
exoseded the scoye 0f the pupils withwhon they were paized
in the eontrol elass, The soores of one pailr wus the seame
and in the other thirteen pmires the pupll in the gontrel
elage mude » higher sooye than the pupil Mth vhom he wae
paired. | ., “

| The materisl fox Test VIII wes the theorens,®If two
aﬁitgl@a of o trimngle are unequel the sides epposite are
unequsl and the greoter sidé lies oppesite the greater mngle.”
and"If two sidees of u trisnmgle are unegual the smgles
oppoaite ave unegaul mnd the grestey sngle lles opposite
the greuter side.”

In Opaph XIV the ranking of each pair of puplle in

Te#t VIII {8 given, In Oraph XV the oomparisen of the two
olesses is Bhowns In this partiouler test the experimentol



TABIE 9.
SCOILS M/IE BY PUCILS IN TRET VIII,

48,

CONTROL CLASS

EXPERTMENTAT CLASS

Palrf Yame Sagre Yame Beora
numbed of aof
punil pupil
1 Tialie 20 Cebs 8
2a Hels 8 Qabis 28
Je Jelw 10 CsBy 14
4a DeCs B LsBe 14
8o CelDu 15 Aalla 26
6« Tolis 18 ReBa 13
"?. JQF& 18 PK» il
8y HeGe 13 GaFe ?
Qe ReHe 8 UeBs 3
10, DeHe 18 Mado b
1l Lede 19 JaEs 10
12, AoJe 14 Tala 30
13& Vade 12 DsBe L
14, Reds 18 Eela 30
15+ E«Koe 20 BBy 18
1€, Vel 15 HeRe 8
174 Polsn - 29 LeRa 29
18, Lalis - 89 DBy 2B
19, Fo¥e 20 - Vele 16
20, BoPo 13 G ol 3
2L KeSo 13 L 29
22 Webs 6 1% 4
Yedlen 16844 11.4
Haan 188 14.0
Calle G0 b
Range BeB9 330
NS

& Tead aopuss the DAGS.
Score given in points.

R

Totel mumber of points is 30
Tests may be found in Appendix A.
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GRAPH XVI. /

SCOKES OF THE TWO CIASSES IN TEST ViiI.
Legends ——Contreolelas

Experis-
mental class.

Read graph thus: The
highest score in the
experimental claes
was 30, in the control
class 2¥, The scores
are arranged in de-
scending order.

1 234 56
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elags hue scores higher thum the sontyoel cluss down to &
gartain point and from there on the experimentul ;zgrm'zp is
eoncistently lowercin scores than the sontrol cless, -
KEBULTE OF PINAL TELTI,

in Table X+ on the following puge the scoves made Ly
eash pupil of each puir im Fimsl Test I. This i the final
exsmination that wow written by the writer: The puplle are
arranged in paire ws they were foy the previous tests, The
test wis evaluated inm the same way ae the ¢thersy one point
for eanch stotement and ome poimt far eaah reizen for esoh
stotements The point value of the finsl examipsiion was
Torty-six,

The hig
experimentsl glase, the highesat seore im the eontroel oluss

hest poore wes forty«five and wae made in the

weg Torty-three, The lowest soore wae néne and was made in
the experimentsl olass, the lowest in the eontrel olass
wats eleven. The median of the contyol g¢lews wra twentye
nine und five«~tenmths and the median in ths exparimental
gdiss wus the Bume. ) |

The saores of eleven ypupils in the experim entsl
aless exoseded the seores of the pupiles with whaa they were
paired, Also in aleven peirs the gontrael ‘pupil axaesded.

The material for this test imeluded all the woerk thay
had hhd during the nine weeks the ax -eyiment was condusbted.
The pro lema used in this fimi gxomination were slmost
duplientes of problems which hod beea used in the weekly

tenta.



SCORRE MALER BY PU IIS IN PINAL TEST I

TABLE 10s

B0«

CONTROL CLAGLS BXPERIMENTAL CLABE
Paird Hame Seare Fame . Boore
numbey ot of
pupil | pupil

1. Lol 26 Ceho 18
Be HeBa 21 Oudia 30
Sy Tl k13 Gele a7
4, Deln 11 Tie By 18
Ba Calia 37 AaCa 44
8 L Telis 33 ReBs 1]
% JaFy 20 7 ake 28
81 h Mn@"‘ IW \?‘.}J‘m 31
Da Baly 12 Hally a0
10, el 24 Hehw i
1le Lods 28 Jada 9
%8, Bade 30 Wals 44

13, Fads 39 D.8e 38
L4 Rads 30 Bellea 44
154 BoFe 4% Balie 40
16, Valea w Halls 16
1%, Pulis 40 Dokle 45
184 Tiolis 4¢ Delia 30
184 . Pl 41 Veiin 46
206 Py 44 ¢.0. 18
2L KBy o8 WeGo 48
23 L3 w ag & 25 B ﬁB’ L] 13

Median 89,5 20.5

Yann 297 29,7

BeDs 940 12,0

Range 11ludd Du4B

# Hemnd acroess the pages

Soore 18 given in pointe. Total number ef pointa 46.

Teats may be found in Appendix A,
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467 end RANKING OF PUPILS IN WINAL THST I.
f opupils in the control 8lass

)w ]3]4- 1 (Scores of nu
% : in descendinz ordesr.)

Beir s )
= 1
5 —
-
[ —
|

S — e ————————— e ——————————— I
Zf ]
- = == -
K -
é e ——————————————
, Read graph thus: The mem-
7 — ber of pair 156 in the con-
| trol class nmade a score of
—:—7?» — — =I 15, .?‘-L :.L.‘ :..-
2 —3= exheTrimantal ' Ay
1 Th dian for the eontrol
/4~ — = e¢lass 18 29,0,
= for the exparimental the

L T T
TR g0 Jo U5 2o 25 Jo &5 4o 48
HMedsams
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GRAPH XVIII

CORES OF TWO CLASBES IN FINAL TEST I.
——Control class

Experimental
class.

Legend:

lead graph thus: The
highest score in the
experimental class
was 45, in the control
43. The scores are
arranged in descending
order.

1 234 56 78 910 11 1213 1415 1617 18192021 22
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In Graph XVI the vanking of sash pair of pupils on the
Pinel Exeminetion I ia shown. There were six smooves in the
- experimental clase higher than BRIy BQOTEG. in"ahai somtrol
alma.. Ap was pointed out the medddns of thwy clssses wave
the swam In Sreph XVII the compariepn of the tw aluwses
w ghowne It will be noticed that the mmrimanml tlane
had am_mw bigh sooves, also that the greph for the
ex cerimental eloss was abdove tm graph for the wmtw&
class and then orosmes it was Wa below it for écll the
remaindey of the graph, |

. EBSULTS OF FINAL TEST XZs
In Table 1l on the fallwﬁm page the sooves of esch
pair of pupile in *ianl Tent II1 ave gi!w;m Thie bent was

aonstructed by Mr. Av Ve Emlﬁm, brofensor of Mathematioe,
Kansas Stute Teachers College of Buporis. The test was
aana‘kmawﬁ with out: conaulting with the writer.s He. |
Phiillps had m_wmm of dolozed amm» in mm.' He had not
visited the alass, but, by request hed made & test guitable
to puplls who for nine weeke had been atwiw Eoomalrye |

The pupils sre srranged In peire &t bafore, The teste
were svaluated in thé same wuy & were the tests comstructed
Ty tkm writer. Thé mim mwe was sixty-saven,

The highest mgore was sixty-sixz whisch wee made in the
experimental o¢lase, thd highest soore in the oontwol olass
wes sixty points. The lowest soore made was in the sontrol

alans and wos sixtesn while the lowest in the experimental


mailto:f�tp@rimtnta.l

B4.

TABIR 1Y
SCOKKS MADE PY PUPILS IN PINAL TEST 1T,

CONTROL CLASS

paled | Weme |  Boore
- mRmbey ol
pupil

1a Liadh o 48 Coho 30
2 HeBa 58 L. Quha 80
Je BT 48 CsBe 39
4y -  DeCe 16 LeBo 21
By - CuDs 8% baCa 66
6a ; Tella 43 ReBa 3‘%
e daFa 18 PuXKe 30
B« MGy 5% GoF s 28
B | Balls 20 MsBs, RY
310. DH, ¢ Mebin 23
R AanJs 69 Wele 62
lﬁt ' , Viﬂ’w ’ 5@ ZD;&; El
144 - Bl R Balia 64
16 ¥ Ko &% Babis 61
16a - Vaka Y HiRa 27
1?1- N Pl 60 LsRe 62

- 18. | Lele | BB Delis 46
104 i, 42 Vaeke Bl
20 Baks 23 Gela R4
Ble - EaBy 58 WG 64
BBy Waby a1 F ol 24

Hedlon 30,8 3740
Mann 4341 41,5
GoDn 14,0 158
Hange 1660 2L=066

# Reod noross the prge.
Soore 1o %iwm in pointe, Total number of points is 67.
Tast may be found in Appendiz A. |
This teat wes prepaved by Profe e We FHilipe.
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GRAPH XX,
79 SCORES OF THE TWO CLASSES IN FINAL TEST II.
ntd o ——Control class.
: \\\ : ~——Experimental
A class,

N

60
Read zraph thus: The
highest score in the
1 experimental elass
was 66, in the control
60« The scores are
\ arranged in demecending
\ order.
40
Y
0r
20 F \

10 |.
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class was twenty-one points. “he medien of the control olaes
wae thirty-nine snd fiveetenths und the medien fo¥ the
experimental nlass wus thirty-sevens The Standard dgviation
for theaontrol olass wos seventeen and fiveetouthe and Loy
t!w gxpevimenteal olass twentyeono.

| . The ssores of twelve mpils in the experimentcl olmse
e eseded the boores of the pu ils with wham they were paipe
oede In ons pair the scores wers the same, ond in the other
nine pairs the pupil in the oontrol olues made & higher
poore than the pupll In the experimental olase.

The material for this finel test elso ilneluded sll
the work thut had been sompleted in the nine weeks, with
no specifie knowledge on the paxt of ilre Philips as te
whit hed been accomplisheds The faeot that without consule
tuion Profe« Zhilips wrote & test for & gematry elsen he
had never seen, whioh filied the material previously teught
in every pirtisulsy indicsates & vesomable valldity Lfor the
nateriasl as well as for the previocus téatm

*n Gmm'im AVIII the vanking of eash pair of pupils on
FPinal Test II io showns n Graph XIX the compsyison of the
two classes is ghown, Five soores in the experimental
slaes exoseded sll the voores in the sonirol olests

MSDINN OF ALL TBUTB.

In Tuble 12 on the following page the mecdiun of the

soores of esch pupil of each pair im all the feste funivde
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ing the final tests is shown, The pupi;a are arranged in
prire aB bvefors with L.A, paired with C.A. sarcss the page.

The highest median wae ninety-tve %mdv five~tenthe and
was in the experimental elsss) the highest median in the
control ocluse was eighty-four. The lowest median was tventy-
two in the econtrol olass; the MMM agore in the sxperi-
maﬂtal aliss was tvmntyw:lght.

The sooves of eleven pupils in the amperimmal clave
exaeedsd the spsores of the pupliles with whom they were paize
ede In sleven pairs the pupil in the oontrol olase exceeded
the pu il in tm axpwimm . olases

mem X% the mnm:m of the medians of eseh nir
of pupils is shown. In paly mumber seventeen, the pupil
from the control olans mda o soove of elghty<four, while
the pupil from isha axpwimmal u’lma made & sgeore of
ninety-two snd one-half, Graph XXJ shows the somparisom of
the two olasses in the mediins of all the tests given
including ﬁna“\.twafr_iﬁ&l'tmta, “ |
| Graph XXII presents s comparison of the twe elusses in
all the tests given, The arithmetle mean wae used in fopm-
ing the graph, On Teets II,III,IV end on Pinal Test I, the
m@dmn was the sems for bath olusses. On all the other
Hests the sontrol olnss did slightly better work than the

experimentsl olass. The pedisns varied from one snd elghte
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TABIE 124

MEDIANG OF OCOLLS MADE BY 2RI

1K am .n..m:}"”% "

09,

CONTROL CLABS KPERIMENT, L CLABE
Palrf Fume Seore |  Weme Baore
numbey of ‘ of
pupil papil
i Lahe 5840 L JOY 40.8
2a HoFs 41#9 Qelw 53&5
50 3«60 &&w& G.E» "&405
&y T.Ga 2240 mB 4% 40
e Gaele 708 AeCo 89,0
B T sk w 2840 Rebin 8440
7 JeFa 43,0 FauKa 5840
e HEaHas a"h& HeBe 43,0
19& - :EHHQ 52.& Md’n 3?“&0
11 Trads 53#0 JeEs 2860
12« Aeda 76.5 WaHe 8748
15& Vede 8146 DaBe 67.0
14, Rede 6240 Belw 864D
1B. oK 6946 E b 84,0
18, Vel 470 Haolle 32,6
1% Polis 870 LeR* 02,0
18, - Legles 89 fc Dalw 8640
19, Pl 644G Velon 80,0
P@u 55‘?' 45*5 G‘m@w 3‘?-0
El@ Kebo 604D Welt o 8845
B2, Weboa 48 4 B B 290
Median 5647 B240
Yaan 566 6748
B5eDa 175 2140
Rihn"!ﬁ 2 ‘,Oﬂaﬂ{gﬂ ﬁ&.OwQE»EQ

# Read noyess the page.
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GRAFH XXII.

SCOKES OF THE TWO CISSES IN MEDIANS OF ALL THE TECTS.
—Control class

Lﬁsl ons _hm‘rmgsl:l

\ Read graph thussThe
highest score inthe
experimentcl class
was 92,56, int the
control 84, ihe socres
are erranged in de-
scending order.

0
Pupill 1l

2 34 5678 9 10 11 1213 1416 1617 1819 2021 22
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tenthe to five and aixutmthé. The greatest varistion in
medians was found on T\am‘ VIiia o |

Of the eleven puplle in the experimentzl olass who
exceeded the pupdl with whom they were paired in the conw
trol 'Qlaas; Blx were above tha' median of the medions ef |
all the tests w«n€ five wers below the medianm,
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GRAPH XXIII.

MEAN OF THE CLAS ON ALL THE TESTS.
——Contrel class.

Experimental
clres,

Legion:

Kead graph thus! On
Test I the control
class had & mean of
40, the experimental
38




CHAZTER IVa
SUMMAKY AND CONCLUSIONE.,

Altheugh the velue of using colored chalk in teagh-
ing plune geometry has been disoussed in many books deale
ing with the subjsot of tesching plane geometrys ne exper
imental work seems to have been done. | |

Test sources:

l. Letters.

The data for the study are from two sources, one frem
a letter of inmquiry sent to high school temchers of geometry
and to mothematlcians who have writtenm textborks in gonometxry.

2. Experiment. | |

The other wource of muterial,was from an experiment
carried on with a control and an_axpariﬁ@ntal olaes in The
Emporin City High Sochool, Emporis,; Kansawm,

The snswers to these inquiries would indicate that there
has been some thought given to the use of colered chalk in
teaching plane geometry but that no one has any avidenuc'an
the subjeot. Of the ten replies fyom the wyiters of geomatry
textbooks, thrae think it may be valuabtle but net essential
to the te: ching of plane geometry, two think it very valuable



68

one thinks it veluuble tut will mot yield m&aﬂurw%l& diffm
érences, the others thiuk it serves wp & oruteh to thaae
who need halp very much.

For the experiment, the olasses were caerefully paired

-oit four brmess intelligence quotient, eighth grede r@aara,
ninth grade record, mnd algebre mavk. The othey items of
aontrol were the mame textbook, the same tencher,the same
theorems =nd exercises, the same assignment esch day, tka
same theorems presented ecoh day, the same home work require
ed, and the same tamahiﬁg methods exeept that coleored dﬁalk
was used in on@ elass snd not im the wther,

A test wag glven e.ch weeks A tatal of eight im@ta
and two final ex minations were given. The tests were all
construoted by the writer except Finmal +est 1I which wae
prepared ty Profe A. We Philips, Mathemdtios Dep:riment,
T@m@heralCollaga of ¥mporia,

In the first test the medimn of the contxol olass exe
ceeded the median of the experiments:l clsss by two and one=
tenths pointsy in the second test the aontrol alamg agaﬂmdn
ed the axpe@lmantal elassone and sightetenths pointg&ﬁin
the third test the conbtrol olass exceeded the experimsntal
cless by two pointe; in the fourth test the modiung ware
the somes in the fifth test the control ol&aé qxaaeded the
experimental olfdse by three and fourwtenths pointey in the
gixth tesnt the control svlems exdeeded by four and flive=
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tenthe pointsy in the seventh teut by five und six-tenths
in the eighth test by three and nine~tenthsy in the first
Tinel the mediuns wers the samey and in the sesond finel
the control oluss sgain exoseded the axperimental by two and
five-tenths pointa, \

 ip al) except two tests in which the medianevwera the
ssme the sontrol cluss exceeded the sxperiment:l ¢luss hy
& very small amount. This small amount ie an‘&ppreai&bie
amount and statistieally the difference is mot significant,
' Ofthe elaven pupils in the sxperiment:l class who exw
seadad thepurll with whom they wers paired in the control
claesy 8ix were above the medisn of ths medicns @f'mll the
teots and flve were belew the mediasn, This wmuld seem to
indionte thnt the colored ohalk was not more helpful to the
students above the median of the olmnes than to those helow
the median und vice versa,

The purpose mfythis atudy has besn an atlempt under as
gorafully controled conditions as was possible using normal
class yoom conditions to meke an experimental study dealing
with the use of colored chalk in téachin@ plane geometlzy.
Tha results are not conoluﬁiﬁm X ﬁha gontrol situstion 1.
leaves something to be desired and the time (nine weeks) ia

insufficient. However, the evidence, wlthout exception.
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points to no appreoiable difference in the resulis seoured
fron the two clussen, What slight mdvantapge there might have
teen went to the control class (white shalk).

When consideration ig ziven to the faot that the colore
ed chalk is more expensive; that 1t soils hands and olething
easilys snd, that dhere is some evidence thut it produces
no better vesults then does the ordinary white ehalk the
conclusion seens Jusﬁifiablé that 1t8 usage has depended
to & Frent extent upon traditiunal’prmetiaa rather‘than

real volues,



TAPLE OF APPENDIXES

LR 2 2 2 X 1 ]

APTENDIN &
Complete List of the Tests Used in the Experiment 1 Study,.
APPENDIX B, -
Copy of Letters of Ingdiry Sent.
ARPENDIX Cs
Letters Received From Mathematisens in Reply to Letter of
Iz quiry.
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APFEYDIX A
A Complete List of Te-ts Useds
Test I,
1 « “onatruct twe limes perpendicud: r to #ach other and equal
o 2 and 3 inches respeqtively.
= . Make an angle of thirty degyess on your paper by uss of
tLhe protractor.
%, Then make =n angle nt the other end of t+he three inch line
4n (1) equal to this engle in (2). |
4 . dske *he figure into & trlungles
5, Mersure with & protractor the number of degrees in the
4 nird angle of the trisngle, |
S ‘Biwm‘thm angle.
"7 « Hake nr'amct & per endicular from the vertex of the
aight angle to the opponite side.
8, Find the center of ﬂie base line.
write this in the best form possibles
Vmuna assigned to each problem,
5.772% Dointas
Femell points,
fome 1 point.
8:2716 beinta.
7 awnl0 pointa,

Ba=wl0 points.
Total B2 polinta.
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Test Ils

Ae 14

: Velues assigned to eaoch

If x 60,y %

. ¢ problem, |
A+ 1«12 1 point each,

A B B. 12 points -Total 26,

CA +« and AB are pgr‘p:endicular to ewch other thanLGAB: - —L

Whaet angle contains the mumber 17
What angle contains the numberse
What number does L_DEAdantain?
What number does|8 [ Econtain?
B, Is an amdke of 72 scute or obtuse?
6. An mngle of 180 is called a -~ anglaes
7. Vhat 18 the e'mmplément, of ﬁo‘?'
8. What 1s the supplement of 3% 3

9
- Y

G
%|.2

~ Name the angle equal to angle 3,

.10, Name a right angle in the figure.
11, Heme vertical angles in the figures.
12. An iscescelee triangle has -~ -« equal,
B, If 2 triangles have -~ and-« of one equal respectively to

- and -« of the other the - 2-—. Prove thae. thaovrem. Write

T
3t out completely. Z\ /\

X Yy R S
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Test III.
1, If 2 triangles have 2 ﬂhgglw and the inoluded side of one
equal respectiviy to 2 nngles and the imludad side of the
other, the triangles are Mngrﬁem. 8
<« Glven: BC =(D

AC TEC
To proves AB=IE i
Proofs eewmwm
Su'Given:Lgﬁc ;gﬁﬁ < _lc
BCLAD
To proveshAB=HD

Proofy wemwemen |
4+ Given: RbsAABC and Kted XY2.
with 4G = X2 z
AB= XY '
To ProvesA ABCYOXYZ

A B X Y
Proof iemewces .

5. Stute three ways that wny triangles may be congruenta

Values nsrigned to ench problem.

" leww 10 points
Jewe 10 points.
e ==10 points.,
4, -~ 8 points,
£ we 6 polnta.
Tatsl 44 pointe,
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Se

4o

T

Test W.

Givens AABD &ABCD
with CD=AB
BC = AD
To proves LA=[C
Proofs eweses |
Given: IsossA XYZ
with X2 =YZ
medl:ng XV FYV
To provesXV = Vv
Proofs wewes
GivenAARC & ARC
wlth AB= AB’
4G = ¢
BC = FC
To Proves SABCS AL
Proof jewemes
Givens IsosA ARG

with AB = AC

and constructed s8v that

Bh=Ch
o Proves ¢h=HE

PPOOLs wewmm=

c

A

b £

Velues sssigned each problem.
1.« 10 pointe
9,~= 10 pointa,

et

Z,me 12 pointo.

4w 12 points
Total 44 points.
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E
Test Ve
1. Given: AB /ca |
. A G 8
cut by the transversal EF at G&H / T
with 8G bisecting LAGH 5 y
c H D

HT biseoting L GHD
To Prove: 8 87,
Givenid ABC& ADC
with Alt. BE and DF

w
i

JCAB supplementary/ACD
7o Prove: (1) AP /CD
(2) EB/ DF
3. Givens AB & CD | |
‘cut by the transversd)l EF and GH / /
/with n=lg, R=18 A ;
To proves (1) AB/CD - / /<2

(2) EF/ GH ¢ 3% Ds
4. Given: AB/CD . /
’ E

cut by the transverssl ST at B & F A

P
To Proveilx=ly c 4

 Use indereot proof. State the 0onverse .

value apsigned to euch problem.
1-_."‘"’ 3 pﬂintﬁn
2 ,«=10 points.
B o~e10Q polnts,
4:'**"'12 })Oiﬂtsu
Total 40 points.
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Teat Vi,
1« Prove the sum of the interior angles
of any trisngls squal 180 degrees. |
(Use the figure). <

2. Glven: Rt.DARC
with LG -2 LE

A B

+ind the number of degree in e=ch angle of triangle.
)

3.0ivens AC =BG
¢h=RC
Eo Prove: [ABD =90° A
4. Givens Equil, triangle AABC

C

yith AD bisecting |4
BD blesoting B
To provey D=2 LC
5, Givens AAFC

with sxterior 1x -120°

axterlor |y =160° | u 5
A nd
wind the number of degree in exch interior angle, \i?\

value assigned to esch problem,
1,~« & pointe.
2&"' 8 pOintﬁﬁ
3‘“‘#‘ 12 Qr)intﬁi
4..—- 8 pOintﬁu
5;“* 6 pointﬁ
Tatal 40 pointo.



(N

Oopt ional,
5, Glvent AACD
with |1, [Bs 1Dy [Bs 14 esch= rte BNgles
and B the midpoint of AC.
To Proves A ABH-ABCH«
(value 10 points)
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Test VI
1o (5) Glvens/TARC & ARG A ‘A’
with AB//AB
BO// B0
To Provei-BLH,
(B) Given: Same ss (A)

BI
/
To prove: LB is surplement:ry tolB.
=, GivensktAABC & ABC
Vs
with BG= BC

/

AC = A A
ToProve: R'tAABC‘RtAAB’c‘ B
5 e Giveny AC=CE
ABH DR | EP

Lx snd Ly eaoh =rt.Ll-

To proves AB=DR.
4, Givens 2 oblique lines AC Amd BC.
with OD-LAB

LA =B
To prove: AC= EC

values snsigned te eanch problem. A b B

L= 6 polints,
f.ee B pointe.
Byww & points,
&aww 10 polinis,
B g a pointa;
Total 40 pointe.
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Tent VIII.
L+ If 2l80f u triangle sre unequal the sides opposite them

are unequal and the greuter slde iac ooposits the greater angle.
wige this fipure,

&« Prove that the Qypatmam of & rhf is its longest slde,

=, Given: GPLAB B
CLadle

To Proves BP) PA.

4. Given: iww.A ARG
with AQ=RC

and AC prolonged to 0. A
76 ProvetLOROLOOB,

volne sssigned to euoh problem -

Lewws & pointe. / g
Bamw 1) p(’intﬁp 4 e
B.ew B points, 0
dywe B pﬂ‘iﬂ?‘.%m

Total 30 pointes
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¥inal Teat l.

1., Breot n perpendicular to AB from e point ¥ end wisect the
»
right angle formed, Show all oonstruction lines,

put you need not write out the aonmtruwiemA -

2+ If 2 trisngles have 2 sldes end the ingluded sngle of one °
egual raﬁpwtivly to 2 sides and the ineluded angle of the
other the triangles are gongruent, Prove the theorem.
B Givens BC=CD .
AQ=CE
To proves AB=TIR
4, Givens Imos A XYZ
with X2 =Y2
and ﬁwdimn XV YW w Y
"o ProveiXV =YV ,
6., Givens AB//CD X Y E 1
gut by the transvers:1 EF at G & 52 / . i
= Y B
wlth GI bissoting LEGB ' VAR
47 bizeoting L GHD JZ ’
c D

7o prove: o1 [[H.

: 0
6., The wvum of the intexior angles of zmy_trﬁmgla equel 180s
prove the theorem using thie figure.

value seaigned 1o aach problema
1yww 6 p&iﬂtﬂu
2.« 8 points,
Baww 8 points.
4:-.""10 p@inﬁﬂﬁ
Boww 6 pointds
6.me 8 pointss |
Potal 46 poinis.
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Minel Teut II—-writtm Yy Profs A Y, I’Mlipﬂu

te (a) With your gompasses and m construct Mummn;‘w
anx angle of QG.

(v} Using the aﬂrom fizure, aonatmat snd engle of 4B,
2a Uake = triaugw huving Mdm AGual to three umm

- N -
. Illumrnta with sim-le ek@ﬁahw the fallwin@i —t
C

e) complementary anglev

b} vertienl amggas?g T

¢) an extorior angle of u wizmgla
d) sorresponding sngles th 2 mrmlal lines ere
cut by a tronsversal,, \

(e% an obtuse angle,

(£ mecﬁian of a triam@lw. B
%« This ia &. akatah of & gmu The - -
‘b's'a ce AP keeps the gote from. a&agmm - ~ <
¥heat geamtria primiple @m@l@iﬂ& this faot? 4 <

- B, (a) Bate tha general tests ﬁ‘wr oongruancy of trim@lam

{v) SBtute the general mam for congrueney wiich apply
only to ripmt trim&@am

Gy Prove In o formal wey thai the sum of the thres angles

of any triwmla is esqual te two right angleab o C
‘7 . In the muara ABCD the pamt P viseetd

"OLB emc’. it 1% made equal to M, sm ghown M
in, tha Figure., Prove I ?ﬁ- 5

A
B A{s) State :_jg;he sonverse of th@ following theorem:

‘ -ﬁw"& tmi‘gngls nre squal, the sides opposite are

afm
éq\ual, and the trisngle is feosceles,
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(b) ¥hy is it necesanry to prove the vonverse of a
geometrio truth before this converse may be sounted true?
Illustrate youy snswer.

Petional probleme for theme who have time.
As The triengle ABG hus LA= (B The lines
AP amd B{ are Bo drawn thet [DAP z)0BAe
Prove th't AP=3¢

Be Prove that in & right triangle the longest side le the

- o

hypotenuae.

Value esemsigned to each problem,
Leww{a) 4 points,

{v) 3 points,
. Byww 4 points,
i J 8 ﬁainta,
dome 3 points.
Baewe {8)3 points.

{b}4 points,
Gymew 8 pointé.
7¢we 10 polinte.
By=w (n)3points,

b)3 points.

Came 10 points,
10ammw 6 points.
Total 67 pointe,.
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AFPERDIZ B
A copy of letter sent to the high sahool teaohere of

e eonetry.

Doer Mipseewwsl
I sn working on the thesis lor my ¥anter's degres ond

wrould like ko have your oplnion of it. The subjeat 18,"To
determine the value of using solored chalk in tecching

plane geomatry.”
To you use solered ghalk? Tes wes Howens
Do you think the ues of aolored shalk valuable? Yes wes

Yo wwe

with whot pertieular olaps or grade of pupils do you

ghink it is most viluable?

in what p rticular parts of geometry do you feel it io

most valuable?

I thank you for srmxr help.
- Yours prespactTullys
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Acopy of letter sent te mathem:ativene who are
writers of textbooks,

My Dear Ure =m-==of

I am working on my Msster's degree sud the subjeot far
wy thesis 1s,9To determine the vklue of using colered chalk
ﬂ.n taaching plane geometyy.”

%ould you plesse tell me what 18 your opinion of the
uBe of oolored chalk? Do you think it is valueblel Do you
savooute ite use? '

I thamk you for your tmuma and the help you hove been
to me,

Yours reapectfully,
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Appendix ¢,
T.etters from Mathemsticans Who Are Textbook Writers.

April 14, 1930

" R{ims Ruth R, Harrie
Bmporia, Kenpas

Pear Miss Harris;

| 1 have the pleasure to reply to your inquiry relating
to the use of solored chalk in the teachingof plane geoe

MeLYye

T do-not believe thet its use is ewsentiulj there are
times, howeyer, when colered ehlak amd colorsd penoils are
desirable aids, They msy be vsed at the beginrning of the
congruanca theorems to visuelize the equal peirz of parte,
They may be used to advantage in calling attention toun
identical line or angle, They are sometimes wseful in ine
dicating paris in overlapping figures., They may be used
to mark four lines of a proportion upon a figur in order
to bring out the palr of triangles to vrove similar. Thay
enliven the dra ing of figures because children likr te
play with ocolors. Bto, ‘

The use ol colored ochalk or pensils should not be
carried too far as an aldy otherwise, such ald besomes a
eruteh to visualization and prevents stromg growth. Care
should be taken in their use so that pupils do not wante
+3ime in drawing ornate and pretty deslgns when they should
be gaining power in building proofs, In my own teaching,

I remerve the use of polored chalk for my own work at the
board. I do not reguire puplle to use colered chalk or
~penails for their olase work or for their home work. The
use of soloered oshalk oy pensils has & osonsiderable value, if
it is not made a general practios.

 Very truly yours,
‘ W, W, Otrader

Wn, L, Dickenson High Bahool
Jersey Clty, Hew Jersey.
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Miss Ruth R. Harris,
%:gg%ga?t;ﬁ:mggﬁehere College,
My dear Miss Harris:

I am not veryenthusiastic about the
usge of dolwred chalk inm teaching plane
geometry: I do find it of considerable
value in the firat month's work in solid
gaometry.k

AB far as the plane is concerned it i
is of some upe fov a few figurs. Usually
however, the sclid line, the dotted,line,
and & broken sketch line give us suffioclent
variety. |

Very singerly yours,
Geoe Aa Harper.
Tugeson Bigh 8chool,

Tuoson, Arizona,
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November 21, 1929

wise Ruth K. Harris,
1207 Merchant Street,
BEmparia, Kansas,

Wy dear Miss Harris:

The topic which you suggest as a thesls
subjeot in my aginion wlll be rather a diffioult
blen 111 require & treat deal of reading
along the line of psychalogical investigatiens done
in that particular field, that is if you expect to
do a real plece of work,

My general attitude toward the uge of
aolors in teaching geometry is that like models they
kave thelr place fin thebeginning but should be regerded
only as ocrutches which surély muet be discarded as
Woon a8 pupils are able to limp along without the
use of oolor ' ‘ :

I would threrfore ooncentrate my study on
aomparlsons which may be made in the very early study
of geometry. I phould then later give tests to both
groups to see if different studles exist,

If you have any further questions, I ehAll
be gled to have you write me again.

Very sincerly yours,
BE. R. Breslich,
Sohool of Eduoation,
University of Chicago.
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April 11, 1930

Miss Ruth Harris, '
1107 Herchant Street,
Emporia, Xansas.

My desar Mlsg Harriss |

In reply to your letter asking abeut the use of :
eolored chalk, I will say thet in my opinlon it is a very
“yaluable aid In the teathing of Plans Geometry., I would
certainly madvocate ites use., There ie & danger in the
use of colored ehalk that shoul be pointed out. It iw
like & erutoh, There ocomes stime whén s cruteh should
be put inte the diwcard. The so-valled crutches in Mathee
matiecs about whioh you have psad in edusoational literature
are sometimes carried along too long by the gtudent. In a
slmilar meyner clored srayor csn be used te¢ such an extent
that the pu il will not develop mpacial imaginstbon as he
shoulds He leans too much ¢n his arutch,

Cordlelly yours,

Js O« Hasslar,
Department of Mathematiocs,
University of Oklahoma,



April 10, 1930,

Miss Ruth R. Harris,
1207 Merchant Street,
Emporiay Kansas.

My dear Mise Harriss

Your nice letter of April 7 has
been received. I wish I were in a poesition
to give you some real help on the question,
“The wvalue of using colored ohAlk in teaching
Plane Geomeiry" but I fear I cannot be of
much assistence to you as I have never used i,

1 expect one veason I have never
used it is because I nevey have had any on hand
at the proper time, henos when it was nemessary
to distingulsh onme line from snother in
gomplicated figures I made the limes sheow up
differently by making some of them wavy lines,
Bome dotted; and some with little oirsles
on them. Ofcourse 1f I had had colored
fhalk at the time I would have usad it to
good advantage,

I do not think there is any wyuestion
sbout the fmot that colored chalk might be
helpful in some oasBes. It is not essential
of course, but it certalnly can be used to
adventune,

I "ope you will hayve fine luck with
your thesis, I ¥new I would hate to undertake
to write n thesis on your subjeet although
I do believe colored chalk can be used to
edvant-ge.

With best wishes, I sm,

Sincerly yours,
D. Meade Fernard,
Cemp Direator, Camp Carlina,
Prevard, ¥orth Carolina.
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April 10, 1930,

Misa Ruth R« Harris
1107 Merochant ST,
Emporia, XKansas

| My dear Mise Harries

1 think that colored chalk
has some value 1n teaching three=
dimensional geometrys 1t facilitates
perceptual analysis, Pupils need some
guldance 1in thiz prooess during their
early experiences in practieing 1t
It ig a fast of common experience of
teachers, that many puplls wre laokw
ing visualemiriedness, Nowy GOLoTe
‘ed chalk is & kind of orutech for those
pupila. T ghrouldntt wish to gontimme Tic oo
tne use of 1t all through geometTys

would you pleasse send me &
sopy of your report?
Very truly yourg,
-1 opeh¥Re Clark o
principal, High Sehgol Divisien
The Lincoln Sehool,
Teachers Colleges
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April 12, 1930

Miss Ruth R. Harris
1107 Merchant Street
Emporia, Fansas

Dear Miss Harris: ;

- Your letter of April 7 has heen res
ceived with a request for my opinion goncarning
the use of celared chalk in the tenohing of
geometrys I have a vey strong comvietlon that
a moderate use of colored chalk in more or less
gomplicated figvres help out, I mean by moderate
use, the use of ome or possibly two colows in a
figue, I think that it detrocts oftentimes frem
s drawing when the drawing ls too ornmates I flmd
that the eolared chalk in solid geometry 18 ese
petially helpful in gomplicated work,

I trust that theweffew comments will be
of some service, I would be glad to conment
further if you have additional queﬂtiong.

Sincerely yours,
Gordon K. Mirick,

" Lincoln Schaol,
Taachers Colleges |
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May 9, 1950,

Mrs. Ruth Harrlws, ~
Emporie, Kensas., .

My dear Mres. Harriss -
In reply to your request for my apinion aanaennimg

the use of c olored chalk im teaching plans ?mammtmy, I shall

answer directly and briefly the question whiall you ssk,

ls "Do you use golored ahalky"

Yess Yot in eny systematio way, but I kam it 1n
my olass room and when there is need foy giving partiaular
emphasis to some part of a figure I use 1t freely. The use
od ceclored chalk frequently relieves aye fatigue and makes 1%
possible to present a proof with greater brev{ty and clearnesn,
For example, I have a mind a fairly involmvod arginal problem
in which 1t is necessary to establish the congruéncy of s paiy
of overlapping trisngles which are rather di loult to dise
tinguish from other trianglea in the figuwe. By drewing one
of these in yellow and the other in green say, it is pomsible
for members of the c¢lass $o keep their atténtion gy the figure
and to follow the argument easily by merely refertng to the
yellov and green triangles, ‘ \
2+"Would you advoo%te it use?"

Yes, and Nos Yeg, if used in the inferaml' way
suggested abové where it will add to the olecrness ‘of the
figure and to the ease and revity of refermee to 1t. gg
if used always according to some formal and prearrange
pystem whichn may or mey not, bq a re:l ald to the wys in
following detalls of the argumant. At

Very tﬁuly-yours.

A« Wo Philips,

Department of Mhthemptiaa.
Kmnnzf State Teaochers College
Emporie, Kanses.
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Novembey 230, 1929,

Teary ¥rs., Harris:

Az you know I used to say that I oould not teach
mathemution without golored chalk and we bought it for th e
Department by the box of the good snlid colerss Since your
letter came I have "mulled® over it and your suggestion
fer o theois subjest quite a bit, The more I think over
it the more 1t seems ap if you are likely te be disapointe
¢d in the results. I just con not see how & clmss using
the colors will show encuph progress we a8 to nmake o
diffsrence quantitatively messurcble,

with all pgood wishes frow the Lindquists,
Theodore Lindguist,

M¥ionigan B8trte Hormal College,
Yﬁﬁil&'ﬂti s Slahbpeiie
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April 10, 1930

Miss Ruth R Harrile
1107 dgrchant Street
Emporias, Xansas
Dear Miss Harris:
| I am afraid I am not mble
to give you any information with refere
enoe to the use of coloied ¢halk in tecching
plane geometry. I do not tesach the subject
and have not taught it for wears. Whataver
I might heve to say could not be backed up
by emperience,
vVery sincerely yours,
Geos We HMullins,
Department of Mathemeties,

Barnard College,
Teachers College.
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April 11, 1930

Miss Ruth D. Harris
1107 Merchant Streed
¥Emporia, Kansasg

pear Miss Harriss:

4o far as I know thers is nothing in
the litersture on the use of colored chalk in
taecching plene geometry. T would be very mch
interested in such & study bui I should wond }
4t orgenlzed very sorefully so as to make 1t an
experimeht in educationzl psychologys Unlesa
~ thlg were done ther 1s a shance that it mnight be
@ very trivial aublagt for a master's dinsertatieona

T shall be greatly pleased 1o recsive
- a copy of your gtudya
Sincerely yours,
Raleigh Schorlir
8chool of Education

University of Hichigan
-

9055





